(19) 



J 



(12) 



(43) Date of publication: 

14.02.2001 Bulletin 2001/07 

(21) Application nunnber: 00306205.6 

(22) Date of filing: 21.07.2000 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) BP 1 076 225 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. Cl7: G01D5/14 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Okumura, Hirofumi, 




MCNLPTSE 


c/o Alps Electric Co., Ltd 




Designated Extension States: 


Tokyo 145 (JP) 




ALLTLVMKRO SI 


• Tokunaga, Ichirou, 






c/o Alps Electric Co., Ltd 


(30) 


Priority: 09.08.1999 JP 22518599 


Tokyo 145 (JP) 


(71) 


Applicant: 


(74) Representative: 




ALPS ELECTRIC CO., LTD. 


Kensett, Johin l-linton 




Ota-kuTokyo145(JP) 


Saunders & Do 1 ley mo re, 






9 Ricknfianswortli Road 






Watford, Hertfordsliire WD18 OJU (GB) 



CM 
< 
LO 

(D 

o 



(54) Magnetic displacement detector 

(57) A nnagnet (5) is provided on a detection menn- 
ber (4) that moves on a straight line. A Hall element (6) 
serving as a magneto-electric element is provided on a 
fixed member (7) that opposes the magnet. A surface of 
the magnet that opposes the Hall element is formed into 
a radius or trapezoidal shape. With this arrangement, 
linear outputs can be obtained at any rotational angles 
even when a rotator rotates a plurality of times. 
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Description 

[0001] The present invention relates to a magnetic 
displacement detecting device coupled to a steering 
shaft of, for example, an automobile, to detect a steering 5 
angle of a steering wheel and, more particularly, to a 
magnetic displacement detecting device that permits 
highly accurate detection of a moving object that linearly 
moves. 

[0002] Fig. 9 is a top plan view showing a conven- io 
tional magnetic displacement detecting device 40. The 
magnetic displacement detecting device 40 has a 
detection member 41 , a fixed member 42, a magnet 43, 
and a Hall element 44 serving as a magnetic detecting 
means. is 
[0003] The detection member 41 is supported by a 
rod-shaped guiding member 45, and the detection 
member 41 linearly moves along the guiding member 
45. The detection member 41 is provided with the mag- 
net 43 having a hexahedron shape, which has been 20 
magnetized so that one end in a traveling direction of 
the detection member 41 carries the north pole, while 
the other end carries the south pole. The fixed member 
42 is secured to a surface of a case (not shown) that 
opposes the magnet 43. The Hall element 44 is pro- 25 
vided on surface of the fixed member 42 that opposes 
the magnet 43. The Hall element 44 detects an intensity 
of a component in a direction of z of a magnetic force 
emitted from the magnet 43. 

[0004] For instance, in a magnetic displacement 30 
detecting device for detecting a steering angle of a 
steering wheel, a torque of a rotator that rotates 
together with the steering wheel is converted into a lin- 
ear moving force of the detection member 41 . The mag- 
net 43 moves together with the detection member 41 , 35 
opposing the Hall element 44, and a changing rate in 
the z-direction component of a magnetic field emitted 
from the magnet 43 at this time is detected through the 
Hall element 44, thereby allowing a rotational angle of 
the steering wheel to be known. 40 
[0005] In this type of magnetic displacement detect- 
ing device 40, the Hall element 44 detects the intensity 
of a magnetic field in the z-direction, i.e., a direction 
orthogonal to a traveling direction of the detection mem- 
ber 41 . Based on a changing rate in detection values of 45 
the magnetic field in the z-direction, a travel amount of 
the detection member 41 is recognized. 
[0006] As shown in Fig. 9, however, the surface of 
the conventional magnet 43 that opposes the Hall ele- 
ment 44 is flat in the traveling direction. Therefore, a so 
changing rate in the intensity of the magnetic field in the 
z-direction with respect to a traveling distance is rela- 
tively large in the vicinity of both ends in the traveling 
directions of the magnet 43. In contrast, at a central por- 
tion of the magnet 43 in the traveling direction, an area 55 
wherein a magnetic force line EO is substantially flat in 
the traveling direction expands, and a changing rate in 
the intensity of the magnetic field in the z-direction with 
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respect to the traveling distance of the magnet 43 
becomes extremely small. 

[0007] For the above reason, a changing rate of the 
intensity of the magnetic field in the z-direction with 
respect to the traveling distances of the detection mem- 
ber 41 and the magnet 43 becomes nonlinear, making it 
difficult to accurately grasp the traveling distance of the 
detection member 41 . 

[0008] To detect the steering angle of the steering 
wheel mentioned above, the detection member 41 is 
moved by the rotator that rotates together with the steer- 
ing wheel. Another rotation detecting means is provided 
that detects the rotational angle of the rotator with a 
higher resolution than that of the Hall element 44. In a 
range wherein the Hall element 44 moves from the 
center of the magnet 43 to a front or rear end thereof, 
rough detection of ±720 degrees of the rotator is per- 
formed. During the rough detection, more accurate rota- 
tional angle of the rotator is detected by the foregoing 
rotation detecting means. At this time, a further accurate 
angle is recognized by the rotation detecting means, by 
using a detection angle based on a detection value sup- 
plied from the Hall element 44. 

[0009] In such a device, if the accuracy of the detec- 
tion member 41 for detecting the moving distance dete- 
riorates, causing a difference between the rotational 
angle of the rotator and a detection value, then a refer- 
ence value used for performing detailed angle detection 
of the rotator varies. As a result, an error occurs in the 
detection of the rotational angle of the steering wheel. 
[0010] Accordingly, the present invention has been 
made with a view toward solving the problem described 
above, and it is an object of the present invention to pro- 
vide a magnetic displacement detecting device for 
detecting a relative travel amount as linearly as possible 
by a magnetic detecting means in a case where a 
detection member having a magnet and a magnetic 
detecting means relatively move. 
[0011] To this end, according to one aspect of the 
present invention, there is provided a magnetic dis- 
placement detecting device having a detection member 
that linearly moves and a fixed member provided such 
that it opposes the detection member, one of the detec- 
tion member or the fixed member being provided with a 
magnet having a north pole and a south pole in a 
traveling direction of the detection member, while the 
other being provided with a magnetic detecting means, 
and a magnetic force emitted from the magnet being 
detected by the magnetic detecting means thereby to 
detect a movement of the detection member, wherein a 
distance between the magnet and the magnetic detect- 
ing means is the smallest in the vicinity of a center of the 
magnet and increases toward ends of the magnet. 
[0012] Shaping the magnet so that it bulges at its 
center toward the magnetic detecting means causes a 
changing rate of a magnetic field in a direction orthogo- 
nal to a traveling direction of the magnet to be linear or 
nearly linear over a longitudinal full length of the magnet 
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in the traveling direction. Witli tliis arrangement, tine rel- 
ative travel distances of the detection member and the 
magnetic detecting device can be detected with higher 
accuracy by making use of a changing rate in the mag- 
netic field. 5 
[0013] In a preferred form of the present invention, 
a surface of the magnet that opposes the magnetic 
detecting means has a radius shape, including a convex 
surface in addition to a precise radius shape. 
[0014] In this case, if a width of the magnet in a io 
direction in which the magnet or the magnetic detecting 
means travels is denoted by W, and a thickness of the 
magnet in a direction in which the magnet and the mag- 
netic detecting means face each other is denoted by H, 
then the magnet preferably has a shape represented by: is 
W = 10 to 20, H = 1 to 5, and R = 20 to 50. 
[0015] In another preferred form of the present 
invention, the surface of the magnet that opposes the 
magnetic detecting means is trapezoidal. 
[0016] In this case, if a width of the magnet in a 20 
direction in which the magnet or the magnetic detecting 
means travels is denoted by W, a thickness of the mag- 
net in a direction in which the magnet and the magnetic 
detecting means face each other is denoted by H, a 
length of cutoffs in the H -direction of tapers at both ends 25 
of the trapezoid is denoted by Y, and a length of cutoffs 
in the W-direction of the tapers is denoted by X, then the 
magnet preferably has a shape represented by: W = 10 
to 20, H = 1 to 5, X = 4.25 to 4.75, and Y = 0.4 to 0.6. 
[0017] In yet another preferred form of the present 30 
invention, the detection member is provided with a rota- 
tor, and the detection member linearly is operated by a 
rotational operation of the rotator, and further provided 
with an additional detecting means for detecting a rota- 
tional angle of the rotator with a higher resolution than 35 
that of a detection output obtained by the magnet and 
the magnetic detecting means together. 
[0018] In this case, by using positional recognition 
based on a change in a magnetic field intensity detected 
by the magnetic detecting means as a reference, a 40 
detailed rotational angle of the rotator is determined 
from a detection output from the additional detecting 
means. Thus, highly accurate positional detection can 
be achieved by the detection member and the magnetic 
detecting means. This prevents variations in a reference 45 
value for determining a more detailed rotational angle, 
permitting highly accurate detection of a rotational 
angle of the rotator. 

[0019] Embodiments of the invention, will now be 
described, by way of example only, with reference to the so 
accompanying diagrammatic drawings, in which: 

Fig. 1 is a top plan view showing an internal struc- 
ture of an angle sensor provided with a magnetic 
displacement detecting device in accordance with ss 
the present invention. 

Fig. 2 is a top plan view showing a shape of a mag- 
net used in the magnetic displacement detecting 



device in accordance with the present invention. 
Fig. 3 is a top plan view showing an example of a 
modified shape of the magnet shown in Fig. 2. 
Fig. 4 is a schematic diagram showing virtual mag- 
netic force lines emitted from the magnet shown in 
Fig. 2. 

Fig. 5 is a schematic diagram showing the magnetic 
displacement detecting device in accordance with 
the present invention in service. 
Fig. 6 is an output characteristic chart illustrating 
waveforms of first, second, and third detection sig- 
nals. 

Fig. 7 is a line map illustrating a changing rate in 
magnetic detection outputs in relation to rotational 
angles of a rotator when an opposing surface of the 
magnet is formed to have a radius shape. 
Fig. 8 is a line map illustrating a changing rate in 
magnetic detection outputs in relation to rotational 
angles of a rotator when an opposing surface of the 
magnet is formed to have a trapezoidal shape. 
Fig. 9 is a top plan view showing a conventional 
magnetic displacement detecting device. 

[0020] The present invention will now be described 
with reference to Fig. 1 through Fig. 8. Fig. 1 is a top 
plan view showing an internal structure of an angle sen- 
sor in which a magnetic displacement detecting device 
in accordance with the present invention has been 
installed, Fig. 2 is a top plan view showing a shape of a 
magnet used in the magnetic displacement detecting 
device in accordance with the present invention. Fig. 3 
is a top plan view showing an example of a modified 
shape of the magnet, and Fig. 4 is a schematic diagram 
virtually showing magnetic force lines emitted from the 
magnet shown in Fig. 2. The following will describe an 
angle sensor capable of detecting a steering angle of an 
automotive steering wheel with high accuracy. 
[0021] An angle sensor 1 shown in Fig. 1 includes a 
magnetic displacement detecting device 10 housed in a 
case 2 composed of a synthetic resin material, such as 
a plastic material. The magnetic displacement detecting 
device 1 0 has a detection member 4, a magnet 5, a Hall 
element or a magnetic detecting means 6, and a fixed 
member 7. The magnetic displacement detecting 
device 10 is further provided with a rotator 3. A rota- 
tional operation of the rotator 3 is converted into a linear 
operation of the detection member 4, and a displace- 
ment of the linear operation at that time is detected by 
the Hall element 6. 

[0022] The rotator 3, which is cylindrical, is formed 
of a synthetic resin material or the like, and rotatably 
supported with respect to the case 2. A plurality of heli- 
cal gears 3a are formed over an entire peripheral sur- 
face of the rotator 3. The rotator 3 is further provided 
with a discoid reduction gear 8 made of a synthetic resin 
material. 

[0023] The reduction gear 8 has a D-shaped 
through hole (not shown) at a central portion of the dis- 
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coid body, and is provided with a plurality of helical 
gears 8a formed on an entire peripheral surface. The 
helical gears 8a nnesh with the helical gears 3a. A rod- 
shaped rotating shaft 9 is rotatably installed to the 
reduction gear 8. 5 
[0024] A section of a portion of the rotating shaft 9 
on which the reduction gear 8 is mounted is D-shaped. 
The D-shaped portion of the reduction gear 8 is fitted 
with the D-shaped portion of the rotating shaft 9, and 
fixed in the vicinity of the center of the rotating shaft 9. io 
[0025] The rotating shaft 9 is formed of a metal 
material, such as brass or aluminum, has a spiral thread 
groove 9a formed from a central portion to one end, and 
is rotatably supported with respect to the case 2. The 
rotating shaft 9 is provided with the detection member 4. 15 
[0026] The detection member 4 has a through hole 
drilled from one end surface to the other end surface in 
the traveling direction. The through hole has, on its inner 
peripheral surface, a thread (not shown) that engages 
the thread groove 9a formed in the rotating shaft 9. The 20 
magnet 5 is mounted on a bottom surface of the detec- 
tion member 4 by insert molding or the like. The detec- 
tion member 4 is guided in the case 2 such that it 
linearly moves in the x-direction. Hence, when the rota- 
tor 3 rotates and the reduction gear 8 and the rotating 25 
shaft 9 rotate, the detection member 4 and the magnet 
5 reciprocate in a direction indicated by an arrow B or in 
the x-direction. 

[0027] The magnet 5 is formed of a magnetic mate- 
rial, such as ferrite, and shaped so that it Is lengthy in 30 
traveling directions. One end of the magnet 5 in the 
traveling directions has been magnetized to a north pole 

5a, while the other end thereof has been magnetized to 
a south pole 5b. In other words, the magnet 5 has been 
magnetized to be polarized so that one end thereof in 35 
the x-direction carries the north pole, while the other 
end thereof carries the south pole. The fixed member 7 
is provided, opposing the magnet 5, and the fixed mem- 
ber 7 is secured to the case 2. 

[0028] The fixed member 7 is formed of a plane 40 

insulating board, a desired conductive pattern being 
formed on the insulating board. Electric components, 
including resistors and capacitors (not shown), that con- 
stitute an electric circuit are mounted on the conductive 
pattern. The Hall element 6 is provided on the fixed 45 
member 7 at a side opposing the magnet 5. 
[0029] The Hall element 6, which is a magneto- 
electric element for converting magnetic energy into 
electric energy, is retained by a holder 16 supported by 
the fixed member 7. The Hall element 6 detects a mag- so 
netic field intensity of a z-axis component of a magnetic 
field obtained from the magnet 5. 
[0030] As shown in Fig. 2, the magnet 5 is shaped 
so that a section thereof cut by an x-z plane or a plane 
observed from a side is radius-shaped. To be more 55 
accurate, the section is radius-shaped or convex on one 
lengthwise side of the rectangular shape. The radius 
shape may have a precise arc surface or a convex sur- 



face approximating to an arc surface. In this case, if a 
width of the magnet 5 in the x-direction is denoted by W, 
and a z-direction is denoted as a thickness H, and a 
diameter of the curved surface is denoted by R, then the 
magnet preferably has a shape represented by: W = 1 0 
to 20 mm, H = 1 to 5 mm, and R = 20 to 50 mm. At this 
time, a distance (L) between the magnet 5 and the Hall 
element 6 serving as the magnetic detecting means is 
fixed to 0.8 mm. 

[0031] Thus, the magnet 5 emitting virtual lines of 
magnetic force E shown in Fig. 4 is obtained. More spe- 
cifically, the magnet 5 radiates lines of magnetic force 
from the north pole to the south pole. As illustrated, the 
lines of magnetic force E radiated from the magnet 5 
having the shape shown in Fig. 4 are emitted not only 
from both ends of the magnet 5 but from the curved sur- 
face portion 5A of the magnet 5 also. At a point P on the 
lines of magnetic force E in the vicinity of the center of 
the magnet 5, if a magnitude and a direction of a mag- 
netic force in a tangential direction of the lines of mag- 
netic forces E are represented by a magnetic field H, 
then a vector component of the magnetic field H in the 
z-direction can be represented by a magnetic field Hz. 
Thus, in the vicinity of the center of the magnet 5, a 
magnetic force having a sufficiently large vector compo- 
nent can be output to the Hall element 6 or in the z- 
direction. 

[0032] As described above, by forming the one sur- 
face of the magnet 5 that opposes the Hall element 6 to 
have the radius shape, the vector components in the z- 
direction of the magnetic forces, which have hardly 
been emitted from the conventional magnet having the 
hexahedral shape, can be emitted in the vicinity of the 
center of the magnet 5. Furthermore, a density of lines 
of magnetic force is lower than that in the conventional 
magnet having the hexahedral shape in which the lines 
of magnetic force becomes denser toward ends of the 
magnet 5. Hence, a sudden changing rate in an output 
of the Hall element 6 no longer occurs. As a result, in 
the magnet 5 having the shape set forth above, a 
changing rate of the vector component Hz of a magnetic 
field in the z-direction with respect to a scanning dis- 
tance or a moving distance can be made more linear 
than in the past when the Hall element 6 is scanned 
from one end to the other end of the magnet 5. 
[0033] Fig. 3 shows a modification example of the 
shape of the magnet 5. A section of a magnet 15 cut by 
a plane of an x-z axis of the magnet may be trapezoidal 
as illustrated. 

[0034] The magnet 1 5 has slant or tapered surfaces 

15c and 15c formed by equally cutting off both corners 
of the hexahedral magnet that face the Hall element 6 
as illustrated. In this case, if a width of the magnet 15 in 
the x-direction is denoted by W, and a z-direction is 
denoted as a thickness H, a cutoff length in an x-axls 
direction of the slant surfaces 1 5c is denoted by X, and 
a cutoff length in the z-direction of the slant surfaces 
15c is denoted by Y, then the magnet 15 preferably has 
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a shape represented by: W = 10 to 20 mm, H = 1 to 5 
mm, X = 4.25 to 4.75 mm, and Y = 0.4 to 0.6 mm. With 
this arrangement, linearity of the vector component Hz 
in the z-direction of the magnetic force with respect to 
the scanning distance or the moving distance when the 5 
Hall element 6 is scanned can be improved. 
[0035] Fig. 7 shows a changing rate in detected 
intensity of the vector component Hz, with the Hall ele- 
ment 6 in relation to a rotational angle of the rotator 3 
when the opposing surface has the radius shape as 10 
shown in Fig. 2. An established value in this case is W = 
14 mm, and R is changed. In the case shown in Fig. 7, 
a distance between the magnetic detecting means and 
a distal end of the magnet that is adjacent the magnetic 
detecting means is fixed to 0.8 mm (the same applies 15 
also to Fig. 8). 

[0036] As a result, when R is set to 55 mm, fluctua- 
tion can be controlled to a predetermined fluctuation 
range when the rotator is at any angle from 0 degrees to 
1440 degrees. The predetermined fluctuation range 20 
means a permissible range in achieving commercializa- 
tion, namely, a range of ±5% in relation to output 
changes from 0 to 1440 degrees in Fig. 7 according to 
this embodiment. The fluctuation significantly deviates 
from the above fluctuation range if R is 15mm, which is 25 
smaller than the above predetermined range, or 55 mm, 
which is larger than the above predetermined range. By 
using the means described above, a preferable value of 
R is determined. Preferably, the value of R ranges from 
20 to 50 mm, and the thickness H in this case ranges 30 
from 1 to 5 mm. 

[0037] Fig. 8 shows a changing rate in detected 
intensity of the vector component Hz, with the Hall ele- 
ment 6 in relation to a rotational angle of the rotator 3 
when the opposing surface of the magnet is trapezoidal 35 
as shown in Fig. 3. Established values in this case are 
W = 12 mm, H = 1 .5 mm, and X = 3 mm, and Y is 
changed. As a result, when Y is in a range of 0.4 to 0.6 
mm, fluctuation in intensity can be controlled approxi- 
mately to a predetermined fluctuation range (the range 40 
of ±5% in relation to output changes from 0 to 1440 
degrees as set forth above) without great deviation from 
the predetermined range when the rotator Is at any 
angle from 0 to 1 440 degrees. If the value of Y is smaller 
than 0.4 mm or larger than 0.6 mm, then an output volt- 45 
age significantly deviates from the fluctuation range. A 
preferable value of Y is determined as described above, 
and a conclusion is reached that the value of Y prefera- 
bly ranges from 0.4 to 0.6 mm. If the value of Y is fixed, 
while the value of X is changed, it is concluded that X so 
preferably ranges from 4.25 to 4.75 mm. Regardless of 
whether the value of Y or X is fixed, it is preferable to set 
W to 1 0 to 20 mm, and H to 1 to 5 mm. 
[0038] Furthermore, the angle sensor 1 is provided 
with another magnetic rotation detecting device 20. 55 
[0039] The rotation detecting device 20 is formed by 
a second magnet 21, a second Hall element 22, and a 
third Hall element 23. The second magnet 21, which is 



annular, is formed of a magnetic material, such as fer- 
rite, as in the case of the foregoing magnet 5 or 15. An 
outer peripheral surface of the second magnet 21 has 
been magnetized such that a north pole and a south 
pole pass by the Hall element 22 once or twice while the 
magnet 21 rotates once. The second magnet 21 is 
secured to the rotating shaft 9 in the vicinity of the 
reduction gear 8. 

[0040] The arrangement described above enables 
the magnetic displacement detecting device 10 to 
detect an approximate rotational angle of the rotator 3, 
and the rotation detecting device 20 to detect a more 
accurate rotational angle of the rotator 3. 
[0041 ] A procedure for assembling the angle sensor 
1 will now be described. 

[0042] As shown in Fig. 1, the Hall element 6, the 
second Hall element 22, and the third Hall element 23 
are mounted on the fixed member 7 provided In the 
case 2. At this time, the third Hall element 23 is installed 
to the second magnet 21 so that it is positioned at an 
angle of 90 degrees relative to the second Hall element 
22. Then, the reduction gear 8 is fitted to the rotating 
shaft 9, and the annular second magnet 21 is also fitted 
thereto. The detection member 4 is screwed onto the 
rotating shaft 9 on a side opposite from the side where 
the second magnet 21 of the reduction gear 8 is 
installed, and the detection member 4 is supported by 
the rotating shaft 9 so that the magnet 5 is positioned at 
a central portion of the thread groove 9a. The rotating 
shaft 9 is rotatably supported in the case 2. Then, the 
rotator 3 is placed in the case 2 in such a manner that 
the helical gears 3a of the rotator 3 mesh with the helical 
gears 8a of the reduction gear 8, and the case 2 is cov- 
ered by a covering member (not shown). The third Hall 
element 23 may alternatively be provided on the cover- 
ing member. 

[0043] An operation of the angle sensor 1 will now 
be described. The rotator 3 is adapted to rotate twice 
clockwise and counterclockwise, respectively, from a 
neutral state. The number of rotations, however, is not 
limited to two. As the rotator 3 rotates, the reduction 
gear 8 and the rotating shaft 9 rotate together. The 
reduction gear 8 rotates four times while the rotator 3 
rotates once. 

[0044] When the rotator 3 is rotated twice counter- 
clockwise from a neutral state, the rotational operation 
of the rotator 3 causes the reduction gear 8 to rotate in 
one direction, and the rotating shaft 9 rotates in one 
direction together with the reduction gear 8. The rotating 
shaft 9 rotates with the thread groove 9a meshed with a 
thread (not shown) of the detection member 4, thereby 
converting the rotational motion of the rotating shaft 9 
into a linear motion of the detection member 4. The 
detection member 4 moves, together with the magnet 5, 
along the rotating shaft 9 in a direction indicated by the 
arrow B and reaches one end of the thread groove 9a. 
When the rotator 3 is rotated twice clockwise from the 
neutral state, the reduction gear 8 and the rotating shaft 
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9 rotate in the opposite direction from the foregoing 
direction. This causes the detection mennber 4 to move 
in the opposite direction from the foregoing direction, 
and reach a center of the thread groove 9a. When the 
rotator 3 is further rotated twice clocl<wise, the detection 
member 4 reaches the other end of the thread groove 
9a. 

[0045] A procedure for detecting a rotational angle 
of the rotator 3 will now be described. 
[0046] In the angle sensor 1 assembled as set forth 
above, the magnet 5 and the Hall element 6 constitute a 
first detecting means. The second magnet 21, the sec- 
ond Hall element 22, and the third Hall element 23 con- 
stitute a second detecting means and a third detecting 
means. 

[0047] In the first detecting means, when a steering 
wheel rotates, the Hall element 6 detects a movement of 
the magnet 5 and generates a first detection signal 31 
that gradually increases or decreases. At this time, the 
first detection signal 31 linearly changes from 0.5 bolts 
(V) to 4.5 V while the steering wheel rotates four times. 
This makes it possible to detect a rough or approximate 
rotational angle of the steering wheel, which rotates 
with the rotator 3 as one piece, from a neutral position 
and a rotational direction thereof. 
[0048] A microcomputer 25 shown in Fig. 5 serves 
as a means for calculating a rotational angle of the 
steering wheel. The angle sensor 1 is mounted on an 
automobile, and connected to a control device 26 of an 
automotive suspension, automatic transmission, etc. 
The microcomputer 25 receives first, second, and third 
detection signals 31, 32, and 33 as input signals via a 
cable 18, and superimpose these signals to detect an 
approximate rotational angle from the neutral position 
and a rotational direction of the steering wheel by refer- 
ring to the first detection signal 31, and to detect a 
detailed or accurate rotational angle of the steering 
wheel by referring to the second detection signal 32 and 
the third detection signal 33. 

[0049] More specifically, based on the first detection 

signal 31 , rough detection of the rotational angle is per- 
formed mainly by determining whether the rotational 
angle of the steering wheel falls within an angle range of 
an n-th zone ("n" is a positive number), an (n-1)th zone, 
or an (n+1)th zone shown in Fig. 6. Further, as shown in 
Fig. 6, the rotating shaft 9 rotates four times while the 
steering wheel rotates once; therefore, four sine curves 
are generated in one zone. 

[0050] Based on the second detection signal 32 
and the third detection signal 33, voltage values Vw and 
Vz at a point U and a point V that intersect with each 
other when the above two signals are input are deter- 
mined. One signal that is out of a range defined by the 
voltage values Vz and Vw, and the other output signal 
that lies within the range defined by the voltage values 
Vz and Vw are identified. In other words, the second 
detection signal 32 and the third detection signal 33 do 
not simultaneously fall within or out of the range defined 



by the voltage values Vz and Vw at any position except 
the intersections of the point U and the point V. There- 
fore, finding one of the two signals that is out of the 
range defined by the voltage values Vz and Vw auto- 

5 matically means the other signal falls within the range 
defined by Vz and Vw (hereinafter referred to as "Vz-Vw 
range"). Hence, the other signal is processed as the sig- 
nal for detecting an accurate rotational angle of the 
steering wheel. 

10 [0051] The microcomputer 25 then determines 
whether the other signal that lies in the Vz-Vw range is 
the second detection signal 32 or the third detection sig- 
nal 33, and also determines whether the signal that Is 
out of the Vz-Vw range is larger than the voltage value 

15 Vw or smaller than the voltage value Vz thereby to 
determine which one of zones hi, h2, h3, and h4 the 
other signal that lies in the Vz-Vw range belongs to. 
Thus, slope sections 32a, 33a, 32b, and 33b indicated 
by thick lines in the range "n" of Fig. 6 are obtained. The 

20 microcomputer 25 uses the slope sections 32a, 33a, 
32b, and 33b of the second and third detection signals 
32 and 33 to detect the accurate rotational angle of the 
steering wheel. 

[0052] As described above, accurate realtime 
25 detection of a rotational angle of the steering wheel 
from the neutral position can be performed over a wide 
range by using the second and third detection signals 
32 and 33 alternately and complementing the first 
detection signal 31 by the slope sections 32a, 33a, 32b, 
30 and 33b. 

[0053] The first detection signal 31 can be comple- 
mented all over the area (-720° to 720° in this case) 

owing to the absence of a signal-free area, because the 
second and third detection signals 32 and 33 share the 

35 same cycle, and a phase of the second detection signal 
32 and a phase of the third detection signal 33 are set 
so that they are shifted by a 1/4 cycle. With this arrange- 
ment, an accurate rotational angle can be detected by 
making use of the slope sections 32a, 33a, 32b, and 

40 33b that always exhibit large and linear changes in out- 
put voltage in relation to changes in the angle of the 
steering wheel. Thus, the rotational angle of the steer- 
ing wheel can be detected over the entire area with high 
accuracy in a realtime mode. The rotational angle and 

45 direction of the steering wheel that have been detected 
as described above are sent from the microcomputer 25 
to the control device 26 of the automobile so as to carry 
out detailed control of the automotive suspension, auto- 
matic transmission, etc. 

50 [0054] The present invention is not limited to the 
embodiment set forth above. The magnet 5 may have a 
stepped shape or a hill-like shape. Not only the surface 
of the magnet that opposes the Hall element 6, but a 
shape of an opposite surface thereof may be modified 

55 as necessary as long as linear outputs are obtained 
from the Hall element 6. 

[0055] Thus, according to the present invention, a 
magnet having a shape that causes a density of mag- 
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netic fluxes to change linearly is employed. This makes 
it possible to obtain linear outputs at any rotational 
angles when a rotator Is rotated, so that obtained output 
values can be directly processed, permitting realtime 
processing. 5 
[0056] Moreover, no memory or the like for tempo- 
rarily retaining detection output information is required. 
This helps to simplify a structure, permitting lower man- 
ufacturing cost to be achieved. 

[0057] For instance, the magnetic displacement io 
detecting device in accordance with the present inven- 
tion may be attached to a steering shaft of an automo- 
bile to accurately detect angles of clockwise and 
counterclockwise rotations from a neutral position. 
Hence, based on a relationship between a rotational 75 
angle of the steering wheel and a vehicle speed at that 
angle, an attitude of the automobile can be controlled by 
controlling tightness of a suspension, a transmission 
gear ratio of an automatic transmission, etc. 

20 

Claims 

1. A magnetic displacement detecting device compris- 
ing a detection member that linearly moves and a 
fixed member provided such that it opposes the 25 
detection member, one of the detection member or 
the fixed member being provided with a magnet 
having a north pole and a south pole in a traveling 
direction of the detection member, while the other 
being provided with magnetic detecting means, and 30 
a magnetic force emitted from the magnet being 
detected by the magnetic detecting means thereby 

to detect a movement of the detection member, 

wherein a distance between the magnet and 
the magnetic detecting means is the smallest in the 35 
vicinity of a center of the magnet and larger at end 
portions of the magnet than in the vicinity of the 
center. 

2. A magnetic displacement detecting device accord- 40 

ing to Claim 1 , wherein a surface of the magnet that 
opposes the magnetic detecting means has a 
radius shape. 

3. A magnetic displacement detecting device accord- 45 
ing to Claimi or 2, wherein, if a width of the magnet 

in a direction in which the magnet or the magnetic 
detecting means moves is denoted by W, and a 
thickness of the magnet in a direction in which the 
magnet and the magnetic detecting means face 50 
each other is denoted by H, then a shape propor- 
tion of the magnet has a relationship represented 
as W = 10 to 20, H = 1 to 5, and R = 20 to 50. 

4. A magnetic displacement detecting device accord- 55 

ing to Claim 1, wherein the surface of the magnet 
that opposes the magnetic detecting means is trap- 
ezoidal. 



5. A magnetic displacement detecting device accord- 
ing to Claim 4, wherein, if a width of the magnet in 
a direction in which the magnet or the magnetic 
detecting means moves is denoted by W, a thick- 
ness of the magnet in a direction in which the mag- 
net and the magnetic detecting means face each 
other is denoted by H, a length of cutoffs in the in- 
direction of tapers at both ends of the trapezoid is 
denoted by Y, and a length of cutoffs in the W-direc- 
tion of the tapers is denoted by X, then a shape pro- 
portion of the magnet has a relationship 
represented by W = 1 0 to 20, H = 1 to 5, X = 4.25 to 
4.75, and Y = 0.4 to 0.6. 

6. A magnetic displacement detecting device accord- 
ing to any preceding claim, wherein the detection 
member is provided with a rotator, the detection 
member linearly operating by a rotational operation 
of the rotator, and further provided with an addi- 
tional detecting means for detecting a rotational 
angle of the rotator with a higher resolution than 
that of a detection output obtained by the magnet 
and the magnetic detecting means together. 
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